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Abstract. Abbasi A, Corpeleijn E, van der Schouw
YT, Stolk RP, Spijkerman AMW, van der A DL,
Navis G, Bakker SJL, Beulens JWJ (University
Medical Center Groningen, Groningen; University
Medical Centre Utrecht, Utrecht; and National
Institute for Public Health and the Environment
(RIVM), Bilthoven, the Netherlands) Maternal and
paternal transmission of type 2 diabetes: influ-
ence of diet, lifestyle and adiposity. J Intern Med
2011; 270: 388–396.
Objective. Transmission of family history of type 2 dia-
betes to the next generation is stronger for maternal
than paternal diabetes in some populations. The aim
of the present study was to investigate whether this
difference is explainedbydiet, lifestyle factors and ⁄or
adiposity.
Methods. We analysed 35 174 participants from the
Dutch contribution to the European Prospective
Investigation into Cancer and Nutrition, a prospec-
tivepopulation-basedcohort (aged20–70 years)with
a median follow-up of 10.2 years. Parental history of
diabetes was self-reported. Occurrence of diabetes
was mainly identified by self-report and verified by
medical records.
Results. Amongst 35 174 participants, 799 incident
cases of diabetes were observed. In age- and sex-ad-
justed analyses, hazard ratio (HR) and 95% confi-
dence intervals (CIs) for diabetes by maternal and
paternal diabetes were 2.66 (2.26–3.14) and 2.40
(1.91–3.02), respectively. Maternal transmission of
risk of diabeteswas explained by diet (9.4%), lifestyle
factors including smoking, alcohol consumption,
physical activity and educational level (7.8%) and by
adiposity, i.e. bodymass index andwaist andhip cir-
cumference (23.5%). For paternal transmission, the
corresponding values were 2.9%, 0.0% and 9.6%.
After adjustment for diet, lifestyle factors andadipos-
ity, the HRs for maternal (2.20; 95% CI, 1.87–2.60)
and paternal (2.23; 95%CI, 1.77–2.80) transmission
ofdiabeteswerecomparable.
Conclusions. Both maternal and paternal diabetes are
associated with increased risk of type 2 diabetes,
independently of diet, lifestyle and adiposity. The
slightly higher risk conferred by maternal compared
to paternal diabetes was explained by a larger contri-
butionofdiet, lifestyle factorsandadiposity.
Keywords: diet, lifestyle, obesity, parental history, type
2diabetes.
Introduction
The prevalence of type 2 diabetes, a leading cause of
cardiovascularmorbidity andmortality, is increasing
worldwide [1]. Parental – paternal and ⁄or maternal –
history of diabetes is a major determinant of in-
creased risk of diabetes [2–5]. Family history may re-
flect complex relationships between genetic factors
and environmental conditions that are important for
developing diabetes [6]. Thus, parental history of dia-
betes includes environmental risks (e.g. nongenetic
familial behaviours, lifestyle and obesity) beyond the
genetic risk factors fordiabetes [4].
A greater risk from maternal type 2 diabetes com-
pared to paternal diabetes has been reported in
some [7–9] but not all studies [2, 4, 5]. A variety of
explanations for this greater importance of maternal
diabetes have included the following: genomic
imprinting (i.e. the differential expression of inher-
ited susceptibility genes in paternal ormaternal gen-
eration [10]); mutations in mitochondrial DNA,
which are maternally inherited [11]; and metabolic
programming during intrauterine exposure [12]. It is
still not clear to what extent modifiable factors such
as diet, lifestyle and obesity can explain the associa-
tion between maternal or paternal diabetes and risk
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of diabetes. To our knowledge, only one prospective
study amongst female nurses has investigated the
contribution of excess adiposity and certain dietary
habits [5]. No such longitudinal data are available in
men.
The aim of this studywas to prospectively investigate
theassociationbetweenparentalhistory ofdiabetes –
maternal and ⁄orpaternal – andriskof incident type2
diabetes in a population-based cohort of male and
femaleadults, i.e. theDutchcontributionto theEuro-
pean Prospective Investigation into Cancer and
Nutrition (EPIC-NL). TheEPIC-NLstudywas suitable
for this purpose because detailed data on diabetes
risk factors suchas diet and lifestyle factorswere col-
lected inthiscohort [13].
Methods
Study population and design
The EPIC-NL cohort (n = 40 011) includes the Moni-
toring Project on Risk Factors for Chronic Diseases
(MORGEN) and Prospect cohorts, initiated between
1993 and 1997. Details of the EPIC-NL study design,
recruitment and procedures have been described in
more detail previously [13]. Briefly, Prospect is a pro-
spective population-based cohort study of 17 357
women aged 49–70 years who participated in a
breast cancer screeningprogramme. In theMORGEN
study, 22 654 individuals aged 20–59 years were re-
cruited from Amsterdam, Doetinchem and Maas-
tricht. A new random sample of about 5000 partici-
pants was examined each year. These rounds of
enrolment add up to this number of individuals. The
participation rates were 34.5% for Prospect and
45.0%forMORGEN.
At baseline, a general questionnaire and a food fre-
quency questionnaire (FFQ) were sent by post to all
participants and these were returned after comple-
tion at the medical examination. We excluded 1150
participantswithmissingdataonbaselinecharacter-
istics or extreme values for energy intake (<450 or
>6000 kcal day)1) and 2360 participants with un-
known history of parental diabetes. Further subjects
were excluded because of prevalent type 2 diabetes
(n = 507) or missing recordings of censoring time
(n = 820). Follow-up time was calculated from the
date of enrolment to the date of diabetes diagnosis or
death.All other participantswere censoredat the end
of follow-up (January 2006). Finally, 35 174 partici-
pants were included in the cross-sectional and pro-
spectiveanalyses.
All participants gave written informed consent
prior to study inclusion. Both cohort studies
complied with the Declaration of Helsinki. Prospect
was approved by the Institutional Review Board of
the University Medical Center Utrecht andMORGEN
was approved by the Medical Ethics Committee of
the Netherlands Organization for Applied Scientific
Research.
Generalmeasurements
The general questionnaire contained questions on
demographic characteristics and risk factors for the
presence of chronic diseases. For both cohorts, cod-
ing of this informationwas standardized andmerged
into one uniform database. Body weight, height and
waist and hip circumference were measured accord-
ing to standard procedures. Smoking statuswas cat-
egorized into current, past and never smoker. Physi-
cal activity was assessed using a questionnaire
validated in an elderly population and categorized as
inactive, moderately inactive, moderately active and
active, according to the Cambridge Physical Activity
Score [14]. Low education level was defined as pri-
mary education, lower vocational education or ad-
vanced elementary education. Blood pressure was
measured twice on the left arm. The mean of the two
bloodpressuremeasurementswasused in theanaly-
sis. In theProspect study, systolic anddiastolicblood
pressuresweremeasuredwith theparticipants in the
supine position using a Boso Oscillomat (Bosch &
Sohn, Jungingen,Germany),whereasa random-zero
sphygmomanometer (Hawksley & Sons, Lancing,
UK) with the participant in the sitting position was
used in the MORGEN cohort. The comparability of
these different measurement procedures has been
described in more detail previously [15]. The assess-
ment of the Prospect cohort slightly overestimated
blood pressure compared with the MORGEN cohort.
Hypertension was defined based on self-report of
diagnosis by a physician, measured hypertension
(‡140 mmHg systolic blood pressure or ‡90 mmHg
diastolicbloodpressure) or theuseofbloodpressure-
lowering medication. Hyperlipidaemia was defined
basedonself-report ofdiagnosisbyaphysicianor the
useof lipid-lowering therapy.
In both cohorts, daily food intake was determined
using the same validated FFQ [16, 17], which con-
tains questions on the usual frequency of consump-
tionof79main foodgroupsduring the yearpreceding
enrolment. Overall, the questionnaire enables esti-
mation of the average daily consumption of 178
foods. Intakes of different nutrientswere adjusted for
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total energy intake using the regression residual
method [18].
Assessment of parental history of diabetes
Parental history of diabetes was obtained by self-
report. Participantswereaskedwhether theirbiologi-
cal mother and ⁄or father had (whether alive or
deceased) previously been diagnosed with diabetes.
Parental history of diabetes was categorized as none,
any parent(s) (mother and ⁄or father), maternal only,
paternal onlyorboth.
Assessment of type 2 diabetes
Occurrence of diabetes during follow-up was self-
reported via two follow-up questionnaires at 3- to
5-year intervals in the MORGEN and Prospect stud-
ies. In the Prospect study, incident cases of diabetes
were also detected as glucosuria via a urinary glu-
cose strip test, which was sent out with the first fol-
low-up questionnaire. Diagnoses of diabetes were
also obtained from the Dutch Center for Health Care
Information, which holds a standardized computer-
ized register of hospital discharge diagnoses. Follow-
up was complete until 1 January 2006. Potential
cases identified by these methods were verified
against general practitioner or pharmacist records
(Prospect only) via postal questionnaires [19]. Diabe-
tes was defined as being present when the diagnosis
was confirmed by either of these methods. For 89%
of participants with potential diabetes, verification
information was available, and 72% were verified as
having type 2 diabetes and were thus included in the
analysis [19].
Statistical analyses
Baseline descriptive statistics of the continuous vari-
ables were reported as mean ± standard deviation
(SD) and groups were compared using two-tailed
Student’s t-test or ANOVA. Categorical variables were
presented as numbers and percentages and a chi-
squared test was used to test the differences between
participants without parental history of diabetes and
those with each category of parental history of diabe-
tes for thesevariables.
Generalized linear models were used to assess the
cross-sectional associationsbetweenparental diabe-
tes and baseline parameters of obesity, including
bodymass index (BMI) and waist and hip circumfer-
ence in participants. Multivariable models were
adjusted for cohort (Prospect or MORGEN), age, sex,
lifestyle factors (smoking, alcohol consumption,
physical activity level and educational level), total en-
ergy intake and energy-adjusted dietary factors. The
dietary factors included the amount of intake of fat,
protein, carbohydrate, cholesterol, fibre, vitamin C
and vitamin E. The estimated marginal means and
95% confidence intervals (CIs) were reported and lin-
ear regression b coefficients and 95%CIs were calcu-
lated for each category of parental history of diabetes
compared to the reference group of participants
withoutanyparentalhistoryofdiabetes.
The association between parental history of diabetes
and incident diabetes in participants was assessed
by Cox proportional hazard regression. In the crude
model (controlled for cohort), hazard ratios (HRs) and
95% CIs for diabetes were calculated for each cate-
gory of parental diabetes against a reference group of
participants without parental history of diabetes. In
Model 1, basic adjustments were made for age and
sex. We assessed the effect of sex by including the
interaction of sex with parental diabetes in thismod-
el.Moreover, thestratifiedanalyses for sexwerefitted
in adjustedmodels for age and other covariates. Life-
style factors were added in Model 2. Total energy in-
take and energy-adjusted dietary factors were added
inModel 3. Parameters of obesity were subsequently
included in the final model (Model 4). We then sepa-
rately added each factor to Model 1 to determine its
contribution to the association between parental his-
tory of diabetes and risk of diabetes. Inclusion of
these factors in themodelwouldbeexpected to atten-
uate the HR related to parental diabetes. We calcu-
lated the percentage attenuation of the HR for each
categoryofparentaldiabetes.Percentageattenuation
ofHRwascalculatedas: (HRbeforeaddition ) HRafter
addition) ⁄ (HRbefore addition ) 1) · 100.AP value of
0.05 or less from two-sided tests was considered sta-
tistically significant. All statistical analyseswere car-
ried out using Statistical Package for Social Sciences
version 16 (SPSS Inc, Chicago, IL, USA) and Stata
software version 10.0 (Stata-Corp LP, College Sta-
tion,TX,USA).
Results
Baseline characteristics of the study population are
summarized in Table 1 by parental diabetes status.
When compared with participants without parental
history of diabetes, those who reported paternal
and ⁄or maternal diabetes were older andmore likely
tobewoman,hadahigherBMI,waistandhipcircum-
ference and blood pressure, a lower alcohol con-
sumption and education level, were less physically
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Table 1 Baselinecharacteristicsbyparentalhistoryofdiabetes in theEPIC-NLstudy (n = 35 174) a
None Anyparent(s) Only father Onlymother Bothparents
No. (%)ofparticipants 28 696 (81.6) 6478(18.4) 2187(6.2) 3941(11.2) 350 (1.0)
Age (years) 48.4 (12.3)1,* 51.6 (10.0) 49.7 (10.8)2,* 52.6 (9.4) 52.0 (9.7)
Woman 21 026 (73.3)1,* 5148(79.5) 1682(76.9) 3178(80.6) 288 (82.3)
Bodymass index (kg m)2) 25.4 (3.9)1,* 26.4 (4.1) 26.0 (3.9)2,* 26.6 (4.2) 27.2 (4.6)
Waist circumference (cm) 84.5 (11.2)1,* 86.8 (11.5) 85.8 (11.3)2,* 87.3 (11.6) 88.4 (12.0)
Hipcircumference (cm) 103.0 (7.9)1,* 104.7 (8.5) 103.9 (7.9)2,* 105.1 (8.7) 105.9 (9.7)
Systolicbloodpressure (mmHg) 125 (19)1,* 128 (19) 126 (19)2,* 130 (20) 128 (19)
Diastolicbloodpressure (mmHg) 77.4 (10.6)1,* 78.8 (10.4) 77.9 (10.6)2,* 79.4 (10.4) 78.2 (10.4)
Alcohol consumption (g week)1) 11.4 (15.6)1,* 9.9 (14.4) 10.6 (14.4) 9.7 (14.5) 7.9 (12.0)
Currentsmoker 8560 (29.8)1,* 1873(28.9) 614 (28.1) 1171(29.7) 88(25.1)
Loweducational levelb 15 606 (54.4)1,* 4229(65.3) 1250(57.2)2,* 2734(69.4) 245 (70.0)
Physicalactivityc
Inactive 2450 (8.5)1,* 626 (9.7) 185 (8.5) 402 (10.2) 39(11.1)
Moderately inactive 8298 (28.9) 1837(28.3) 649 (29.7) 1094(27.8) 94(26.9)
Moderatelyactive 8045 (28.0) 1763(27.2) 604 (27.6) 1049(26.6) 110 (31.4)
Active 9903 (34.5) 2252(34.8) 749 (34.2) 1396(35.4) 107 (30.6)
Total energy intake (kcal day)1) 2076.6 (636.7)1,* 1992.3 (601.0) 2004.4 (604.8) 1991.4 (602.4) 1926.6 (556.9)
Nutrient intake (g day)1)d
Protein 75.5 (10.9)1,* 76.7 (10.9) 76.0 (10.7)2,** 76.9 (11.0) 78.5 (11.7)
Fat 77.3 (11.3)1,* 78.4 (11.5) 78.0 (10.8) 78.5 (11.9) 79.1 (11.2)
Saturated fat 32.4 (5.8)1,* 33.0 (5.9) 32.6 (5.6)2,** 33.1 (6.0) 33.1 (5.6)
Monounsaturated fat 29.4 (5.1)1,** 29.6 (5.2) 29.6 (5.0) 29.6 (5.4) 29.9 (5.2)
Polyunsaturated fat 14.9 (3.8)1,* 15.1 (4.0) 15.1 (3.9) 15.1 (4.0) 15.5 (4.1)
Cholesterol (mg day)1) 215.9 (58.3)1,* 221.7 (62.6) 218.1 (59.3)2,*** 221.9 (64.1) 230.7 (63.9)
Carbohydrates 222.3 (30.7) 220.8 (30.7) 221.2 (30.0) 220.6 (31.1) 220.7 (31.3)
Mono-anddisaccharide 112.5 (29.3)1,*** 111.7 (29.5) 111.2 (28.5) 112.1 (29.9) 110.5 (30.9)
Fibre 23.3 (4.8)1,* 23.7 (4.8) 23.4 (4.7)2,*** 23.8 (4.8) 23.7 (4.6)
VitaminC(mg day)1) 109.2 (45.1)1,* 111.6 (46.1) 110.1 (44.1) 112.4 (47.0) 112.7 (47.8)
VitaminE(mg day)1) 12.2 (3.2)1,* 12.4 (3.3) 12.3 (3.3) 12.4 (3.3) 12.7 (3.5)
Hyperlipidaemiae 2268 (7.9)1,* 617 (9.5) 165 (7.5) 414 (10.5) 38(10.9)
Hypertensionf 5889 (20.5)1,* 1621(25.0) 489 (22.4) 1023(26.0) 109 (31.1)
Myocardial infarction 434 (1.5)1,** 121 (1.9) 28(1.3) 82(2.1) 11(3.1)
Stroke 309 (1.1)1,* 101 (1.6) 26(1.2) 65(1.6) 10(2.9)
Cancer 1187 (4.1) 264 (4.1) 80(3.7) 171 (4.3) 13(3.7)
aData were given as mean (SD) for continuous variables, tested using two-tailed Student’s t-test or anova, and numbers (per-
centage) for categorical variables, testedusingchi-squared test. bLoweducation levelwasassigned forparticipantswhohadpri-
mary education, lower vocational education or advanced elementary education. cPhysical activity level was defined based on
the Cambridge Physical Activity Index. dIntake of nutrients was adjusted for total energy intake and given in g day)1 unless
otherwise indicated. eHyperlipidaemia was defined based on self-report of diagnosis by a physician or the use of lipid-lowering
medications. fHypertensionwasdefinedbasedonself-reportofdiagnosisbyaphysician,measuredhypertension (>140systolic
bloodpressure or >90diastolic bloodpressure) or the use of bloodpressure-loweringmedications. 1Comparisons betweenpar-
ticipantswithanyparentalhistoryofdiabetesandnone. 2Comparisonsbetweenparticipantswithonlypaternalandonlymater-
nalhistoryofdiabetes. *P < 0.001,**P < 0.01and***P £ 0.05.
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active and were more likely to experience cardiovas-
cular morbidity. Parental diabetes was associated
witha lower intakeof total energyandcarbohydrates,
whereas the intake of protein, fat, fibre, vitamin C
and vitamin Ewas higher in participants with paren-
taldiabetes.
Cross-sectional analysis
Table 2 shows the association between parental his-
tory of diabetes and parameters of obesity in partici-
pants. We calculated adjusted means of parameters
of obesity in each category of parental diabetes
accounting for cohort, age, sex, diet and lifestyle fac-
tors. Subjects with maternal and ⁄or paternal diabe-
tes had higher BMI (b coefficient, 0.65; 95%CI, 0.55–
0.75), waist circumference (b coefficient, 1.88; 95%
CI, 1.62–2.15) and hip circumference (b coefficient,
0.93; 95%CI, 0.72–1.13) comparedwithparticipants
without parental diabetes. This association was
stronger for those with both maternal and paternal
historyofdiabetes.
Prospective analysis
During a median follow-up of 10.2 years, we ob-
served 799 incident cases of type 2 diabetes (rate of
2.2 per 1000person-years). In the unadjusted analy-
sis, participantswithparentalhistory ofdiabeteshad
an approximately 3-fold higher incidence rate of dia-
betes compared with those who had no parents with
diabetes (Table 3; 1.7 vs. 5.0 per 1000 person-years,
P < 0.001). Despite the sex differences in each cate-
gory of parental diabetes, there was no significant
interaction of sex with parental diabetes (HR of inter-
action term, 0.86; 95% CI, 0.60–1.22). In sex-strati-
fiedanalyses,multivariable-adjustedHRsofdiabetes
for maternal and paternal history of diabetes were
2.50 (95% CI, 1.72–3.62) and 2.14 (95% CI, 1.72–
3.62), respectively, in male participants. In women,
these values were 2.15 (95% CI, 1.79–2.6) and 2.32
(95%CI,1.8–3.0), respectively.
In total, crude HRs of incident diabetes for maternal
and paternal history of diabetes were 2.91 (95% CI,
2.46–3.43) and 2.36 (95% CI, 1.88–2.97), respec-
tively, when compared with those who reported no
parental diabetes. Model 1 in Table 3 shows that
adjustment for age and sex modestly attenuated
(13.1% reduction) the risk of diabetes by maternal
diabetes (HR,2.66;95%CI, 2.26–3.14]),whereas this
did not contribute to the risk conferred by paternal
diabetes (HR, 2.40; 95% CI, 1.91–3.02). After multi-
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lifestyle factors and parameters of obesity, risk of
diabetes was comparable for maternal (HR, 2.20;
95% CI, 1.87–2.60) and paternal history of diabetes
(HR,2.23;95%CI,1.77–2.80).
It is interesting thatage, sex, diet, lifestyle factors and
parameters of obesity contributedmore to the associ-
ation betweenmaternal diabetes and risk of diabetes
(overall attenuation of 37.1%) than paternal diabetes
(overall attenuation of 9.6%). Therefore, we sepa-
rately added each factor to Model 1 to assess its
contribution to the association between category of
parental diabetes and risk of diabetes. Parameters
of obesity explained 23.5% and 9.6%, respectively, of
the riskestimationofdiabetesbymaternalandpater-
nal diabetes. Risk estimation of maternal diabetes
waspartly explained (9.4%)by energy intake anddie-
tary determinants, whereas this accounted for only
2.9% of the association between paternal diabetes
and riskofdiabetes.After adjustment for lifestyle fac-
tors,anattenuationof7.8%wasobserved intheasso-
ciation between maternal diabetes and risk of diabe-
tes, whereas risk estimation of paternal diabeteswas
notaffectedby lifestyle factors.
Discussion
In this prospective cohort with over 10 years of fol-
low-up, we found that both maternal and paternal
history of diabeteswere associatedwith baseline dia-
betes risk factors and with an increased risk of inci-
dent type 2 diabetes in participants, independent of
diet, lifestyle and adiposity. However, the association
betweenmaternal diabetes history and risk of diabe-
teswas slightly stronger in the age- and sex-adjusted
model compared with paternal history. More than
one-third of the maternal transmission of diabetes
was explained by age, sex, diet, lifestyle factors
(smoking status, alcohol consumption, physical
activity and educational level) and parameters of
obesity. The association between paternal diabetes
and incident diabetes, however, was explained only
modestly (approximately 10%) by diet and parame-
tersofobesity.
The main strengths of our study are its large sample
size, prospective design, verification of incident dia-
betes and extensive information about participants’
diet and lifestyle factors. Nevertheless, our study has
some limitations. The EPIC-NL cohort almost exclu-
sively comprised Caucasians from the Netherlands,
and it is unclear whether our findings could be ex-
tended to other ethnic groups. Another limitation is
thatparentalhistory ofdiabeteswasobtainedbyself-
reportwhich is theusualmethod insingle-generation
cohorts. Furthermore, we excluded individuals with
missing data or unknown parental history of diabe-
tes. Having unknown family history has been shown
to be more common for paternal than for maternal
diabetes [20]. However, the baseline characteristics
of excluded individuals were similar to those who
were included inouranalysis. Therefore, it isunlikely
that thiswouldhave led to recallbiasormisclassifica-
tion by category of parental diabetes of participants
whodid or did not develop diabetes.We relied on self-
reported information about lifestyle and diet, which
may be subject to misclassification. However, both
the physical activity questionnaire and the FFQhave
Table 3 Parentalhistoryofdiabetes, contributing factorsandriskof incident type2diabetesover10 years (n = 35 174)
Modeladjustment
Riskof type2diabetes,hazardratio (95%CI)
None Anyparent(s) Only father Onlymother Bothparents
No. cases ⁄participants 476 ⁄28696 323 ⁄6478 86 ⁄2187 201 ⁄3941 36 ⁄350
Incidence rate,per
1000person-year
1.7 5.0 3.9 5.1 10.9
Crudemodela 1 (ref.) 2.90(2.51–3.34) 2.36(1.88–2.97) 2.91(2.46–3.43) 6.21 (4.42–8.71)
Model1 1 (ref.) 2.75(2.39–3.17) 2.40(1.91–3.02) 2.66(2.26–3.14) 5.89 (4.20–8.27)
Model2 1 (ref.) 2.64(2.29–3.05) 2.40(1.90–3.01) 2.53(2.14–2.98) 5.49 (3.91–7.71)
Model3 1 (ref.) 2.58(2.24–2.97) 2.37(1.88–2.98) 2.46(2.09–2.91) 5.02 (3.57–7.06)
Model4 1 (ref.) 2.32(2.01–2.68) 2.23(1.77–2.80) 2.20(1.87–2.60) 3.92 (2.78–5.50)
Model 1 was adjusted for age and sex. Model 2 was adjusted for factors inModel 1 plus smoking status, alcohol consumption,
physical activity levels and low educational level. Model 3 was adjusted for factors inModel 2 plus total energy intake and en-
ergy-adjustednutrients (fat,protein,carbohydrate,cholesterol,vitaminC,vitaminEandfibre).Model4wasadjusted for factors
inModel3plusbodymass indexandwaistandhipcircumference. aCrudemodelwascontrolled forcohort.
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been validated previously [14, 16, 17]. These studies
showed that both questionnaires could be used to
rank individuals according to their physical activity
or diet. We therefore believe that this did not greatly
influence our results. Finally, individuals with type 2
diabetes may remain undiagnosed for several
months to years and diagnosis of diabetes is always
challenging in observational studies. Some cases of
type 2 diabetes may have been undetected, resulting
inunderestimationof theassociationbetweenparen-
taldiabetesandriskofdiabetes inparticipants.
We first investigated the association between paren-
tal history of diabetes and baseline parameters of
obesity in cross-sectional analyses. Inmultivariable-
adjusted models, maternal or paternal diabetes was
associated with higher BMI and waist and hip cir-
cumference. Having bothmaternal and paternal dia-
beteswas associatedwithhigher parameters of obes-
ity. These findings are in agreement with those of
other studies demonstrating that the presence of a
maternal or paternal history of diabetes is associated
with greater adiposity [21, 22] and weight gain [23],
thussuggesting thatdiabetesandobesitysharesome
commonheritabledeterminants [5,24].
A slightlymore important role ofmaternal, compared
withpaternal, transmissionof diabeteswas shown in
thepresentstudy in theage-andsex-adjustedmodel.
This difference (approximately 25%) was explained
by diet and adiposity as well as age, sex and lifestyle
factors for maternal diabetes. Of note, multivariable
models have not been used to assess these factors in
previous studies investigating the increased impor-
tance of maternal transmission [8, 9, 21]. Amongst
these factors, adiposity substantially explained the
risk of diabetes transmitted by maternal diabetes,
whereasother factorscontributed toa lesserextent.
In the present study, both maternal and paternal
transmission of diabetes were explained to some ex-
tent by obesity parameters, with a 2-fold higher con-
tribution formaternal than for paternal diabetes. The
contribution of dietary determinants was also larger
in the association between maternal diabetes and
risk of diabetes when compared with paternal diabe-
tes. In addition, the influence of age, sex and lifestyle
factors was confined to the association between
maternal diabetes and risk of diabetes. This finding
was not observed in a recent analysis from the
Nurses’ Health Study (NHS). In the NHS, BMI rather
than waist and hip circumference largely explained
the association between both maternal and paternal
history of diabetes and risk of type 2 diabetes. In
addition toBMI, itwas suggested that ahigher intake
of redmeat and sugar-sweetened beverages and lack
of alcohol consumptionmay explain part of the asso-
ciation between family history of diabetes and risk of
diabetes [5]. Of interest, in our study, parental his-
tory of diabetes was related to a lower intake of total
energy and carbohydrates but a higher energy-
adjusted intake of fat, protein, fibre, vitamin C and
vitamin E. These differences modestly explained the
association between maternal diabetes and risk of
diabetes,whereas the effectwasminimal for paternal
transmission. The NHS included a sample of female
nurses with limited variation in socio-economic sta-
tus and with relatively healthy lifestyle behaviours.
This selected sample may have led to an underesti-
mation of the extent to which lifestyle factors explain
parental transmissionofdiabetes [5].
The strong risk conferred by maternal or paternal
diabetes was comparable after accounting for diet,
lifestyle factors and adiposity. Of note, these factors
differently explained maternal and paternal trans-
mission of risk of diabetes. Our findings are consis-
tent with previous evidence indicating a stronger
magnitude of maternal transmission of obesity and
its association with many lifestyle factors, compared
with paternal transmission [25]. A possible explana-
tion for this is that themothermight havemore influ-
ence on eating habits and other lifestyle behaviours
whilst raising her children. Indeed, there may be
more contact hours between mothers and children
during childhood and in later life, and therefore, the
mother’s lifestyle may be more of an example for her
children than the father’s. It has been shown that if
the mother has a history of diabetes during preg-
nancy, her child is less likely to follow certain healthy
dietary recommendations [26]. Similarly, those with
a maternal history of diabetes may be more prone to
have an unhealthy diet and lifestyle throughout their
lifetime. Finally, there is evidence to suggest an effect
of maternal nutrition and weight maintenance dur-
ing pregnancy on infant birth weight [27, 28]. Birth
weight could in turn influence future risk of chronic
diseases suchas type 2 diabetes [29, 30].
Diabetes is a polygenic disease in which multiple ge-
netic and environmental components play roles
throughout all stages of the disease [6, 31]. Beyond
the genetic heritability, parental history of diabetes
also carries environmental risk factors. In other
words, it seems that parents and children share
common lifestyle behaviourswhichwill be continued
throughoutthechildren’s lifetime.Thesecomponents,
transmitted bymaternal or paternal exposures, may
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explain the heterogeneity of diabetes transmission in
differentpopulations.
We conclude that bothmaternal andpaternal history
of diabetes are associated with an increased risk of
developing type 2 diabetes, independent of diet, life-
style and adiposity. The slight excess risk conferred
by maternal compared to paternal diabetes is ex-
plained by a larger contribution to this association of
age, sex,diet, lifestyle factorsandadiposity.
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